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Description 

Various types of ultrasonic handpieces are used for 
surgical application, for example, ophthalmological sur- 
gery for removing cataracts or other tissue. Typically, 
such handpieces use some type of a vibrating transducer 
of the magnetostrictive or piezoelectric type which con- 
verts electrical energy to mechanical vibration. 

Such types of ultrasonic handpieces are also capa- 
ble of supplying irrigation fluid to the operating site in 
which the transducer is to be used, and also to produce 
suction for removing the material which has been emul- 
sified by the ultrasonic transducer. It is also known that 
in such ultrasonic transducers, the irrigation fluid and the 
suction are supplied through tubes associated with the 
transducer and partially or totally within the housing 
which houses the transducer. Usually, in the case of a 
magnetostrictive type of transducer, the tubes are laid 
along and outside the stack of laminations forming the 
vibrating structure or at least partially outside of the 
housing. It is desirable to reduce the overall size of the 
housing so that the transducer becomes easier for the 
user to hold and manipulate. 

It is also often desirable to increase the operating 
power output of such transducers. In magnetostrictive 
type transducers, this can be done by increasi ng the size 
of the lamination stack and/or the coil wire size to provide 
additional cunrent. Neither approach offers desirable 
solutions since they inaease the transducer size and/or 
its heat output. 

In addition, it is desired to Improve the emulsif ication 
action and to confine it more closely to or within the work 
site. 

WO-A-9107917 describes an ultrasonic surgical 
instrument in the form of a handpiece including an ultra- 
sonic transducer and a transition body for transmitting 
the ultrasonic vibrations from the transducer to a detach- 
able tip member. Means for supplying an Irrigation liquid 
include a passage through the transition body, which 
feeds liquid to the exterior of the tip. The working end of 
the tip is surrounded by an external sleeve, the irrigation 
liquid passing between the sleeve and the tip member. 

It has been found that tiie Irrigation fluid to be sup- 
plied to the operation site interacts with tiie vibrating 
structure to produce a cavitation effect, which reduces 
the transducer power output. In accordance with the 
present Invention, an elastic membrane covers the 
vibrating structure and isolates it from the irrigation fluid. 
This permits the structure to vibrate more freely, with a 
consequential increase in the transducer power stroke. 
No increase of either the lamination stacksize or coil cur- 
rent is needed. 

The membrane provided between the infusion fluid 
and the vibrating body which supplies power to vibrate 
the instrument tip reduces tiie formation of air bul3bles 
arising from cavitation and thereby increases the power 
stroke of the tip. 

The handpiece tip may have an enlarged hollow 
front end forming a cavity into which the material to be 



emulsified is drawn. A major part of the ultrasonic energy 
is radiated from an angled portion within tiie cavity and 
tiie material is emulsified there. 

The present invention will become more apparent 
5 upon reference to the following description of embodi- 
ments tiiereof, read in conjunction with the annexed 
drawings in which: 

Figures 1a and 1b taken together show a longitudi- 
10 nal view of tiie ultrasonic handpiece of the present 
invention in axial cross-section; 

Rgure 2 is a cross-sectional view of a portion of tiie 
handpiece looking along line 2-2 of Rgure la; 

IS 

Rgure 3 is a cross-sectional view of the hand piece 
taken along line 3-3 of Rgure lb; 

Rgure 4 is an enlarged axial cross-section of the end 
20 of the work tip of tiie handpiece shown in Rgure 1 , 
and 

Rgure 5A and 5b are views of an alternative form of 
sleeve for the handpiece tip. 

25 

Referring to Figures la and 1b, which are to be 
joined together at lines a-a, and Figures 2-4. the ultra- 
sonic handpiece 10 includes an elongated, generally- 
cylindrical, housing 12 of a suitable material, for exam- 
30 pie, TECHTRON (Registered Trade Marl^ plastics, hav- 
ing an annular recess 14 along part of its length. Wound 
around the housing, along tiie length of recess 14. is a 
coil 16 of wire. The wire can be eitiier circular in cross 
section or else, if desired, flattened so tiiat a larger cur- 
ds rent-carrying surface can be provided. The ends of tiie 
wire coil (not shown) are connected by any suitable 
means to a source of voltage of the proper magnitude. 

The recess 14 and coil 16 are covered by a sleeve 
18, also of a suitable plastics material, and tiiere is an 
40 end cap 21 which closes the housing structure. 

In the central hollow 1 5 of the housing 12 is a stack 
of laminations 20. The laminations are elongated and 
extend for a substantial portion of the lengtii of tiie hous- 
ing. The laminations are preferably of nickel or other suit- 
45 able material. As shown in Figure 2, the laminations in 
stack 20 are split into two groups 20a and 20b. The indi- 
vidual laminations of each of the groups 20a, 20b are 
bent into a general V-shape and are interleaved witii 
each other while being kept in metallic contact. The two 
so groups of laminations 20a, 20b are then placed adjacent 
to each otiier with the housing. 

As seen in Figure 2, using the split lamination stack 
20a. 20b provides an open central area or cavity 22 
tiirough which a tube 26 extends. A second tube 28 
55 extends along the upper (as viewed) part of tiie stack 
and is enclosed only partiy by the ends of the lamina- 
tions. 

Tube 26 is a suction tube. i.e. its left-hand end (as 
viewed) is connected to a suitable suction source (not 
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shown) which serves for the removal of material emulsi- 
fied by the handpiece. Tube 28 is connected at the same 
end of the housing to a source of suitable liquid (not 
shown) and serves as an irrigation channel for liquid to 
be conveyed to the operating site. 

With the arrangement as shown, both of the tubes 
26 and 28 are contained substantially within the open 
central area of the split lamination stack rather than out- 
side the stack, as in known hanc(pieces. This permits the 
housing to have a reduced diameter, which is advanta- 
geous since it makes the handpiece easier to handle. It 
also serves to use the irrigation and suction liquids to 
cool the laminations to prevent them from overheating. 

The handpiece also has an elongated hollow tip 40 
which is vibrated and which performs the actual emulsi- 
f ication of the material at the operating site. Tip 40 has 
an open end 41 which is somewhat enlarged in the shape 
of a scoop or cup relative to the remainder of the tip 
length. The end plane of the tip can be oblique or normal 
to the tip axis. 

The tip 40 is provided with tiie vibratory energy pro- 
duced by the lamination stack 20 through a transition 
body 60, which is preferably of titanium. The transition 
body has a first section 62 which is adjacent tiie end of 
the lamination stack 20. The section 62 is coupled to the 
stack 20 through a collar 64 having internal screw- 
threads which screw onto the end 65 of the transition 
body against a plate 67, of a corrosion-resistant alloy of 
nickel and copper, or similar material, to which the ends 
of the laminations of stack 20 are attached brazed or oth- 
enA/ise. By this an^ngement, there is a secure mechan- 
ical coupling of the end of the lamination stack to the 
transition body 62, so that the vibratory energy produced 
by the stack, as it is excited by the electrical current, is 
efficiently transmitted to the transition body 60. 

The plate 67 has openings 26-0 and 28-0 into which 
the ends of the tubes 26 and 28 are inserted and are 
attached thereto in a fluid-tight manner, fbr example, by 
welding or brazing, if the tubes 26, 28 are of metal. If the 
tubes are of plastics, a suitable adhesive is used. 

The transition body 60 continues toward the tip 40 
with a central section 60-C. which is its largest diameter 
portion. The body tapers at 69 to a section of reduced 
diameter 70, from which extends an elongated cylindrical 
end section 72 of further reduced diameter, to which tip 
40 is attached. The free end 43 of the end section 72 has 
internal screw-threads 73. The connection of the tip 40 
to the transition body is by the inner end of the tip having 
an enlarged neck 42 with external screw-threads which 
engage with threads 73 on end 72 of the transition body. 
In tills manner, the vibratory energy produced by the lam- 
ination stack 20 is coupled through the transition body 
60 to the end 41 of the tip 40. 

A passage 26P extends the length of the transducer 
body to tiie tip end, and a passage 28P to tiie end of tiie 
transition body cerrtral section 70. 

The reduced<liameter portion 70 of the ti-ansition 
body has a flange 80 with external screw-threads 82. To 
this is coupled a metal shell 86. preferably of titanium. 



which surrounds the elongated end 72 of tiie transition 
t>ody and has screw-threads 84 at one end which mate 
with tiie threads 82 on the transition body flange 80. An 
0-ring seal 87 is provided between the shell 86 and the 

5 tifansition body flange 80. The fluid which flows in the 
aspiration tube and passage 28, 28P flows from the end 
of passage 28P into a recess 88. from which it flows 
through passage 91 between the shell 86 and tiie outside 
of an elastomeric body 90, which is described below. 

10 The body 90, preferably of silicone plastics, or otiier 
suitable elastomeric material, encircles the elongated 
section 72 of tiie transition body. The body 90 has one 
end 92 of enlarged diameter which fits within a con-e- 
sponding internal recess 89 of tiie metal shell 86. As the 

15 shell 86 Is screwed on to the threads 84 of flange 80, the 
body 90 is secured in place. The outer end 94 of the body 
90 is tapered and thinned to extend over the junction 
between tiie transition section 72 and the tip 40, adjacent 
neck 42. 

20 The outer end of tiie shell 86 has internal screw- 
threads 95 into which the screw-threaded enlarged nose 
102 of an elongated tip sleeve 104 is fastened. The tip 
sleeve 104, of POLYSULFONE or otiier suitable plastics 
material, extends fbr a suitable portion of tiie lengtii of 

25 the tip 40. terminating at its flared end 41 . As shown, the 
inner diameter of the sleeve 104 is only slightiy larger 
tiian the outer diameter of tiie tip end 41 . Thus, tiiere is 
no large step between the tip and the sleeve, which 
would make it more difficult to see the exact placement 

30 of the end of tiie tip at the operating site. 

The purpose of the sleeve 104 is to provide a pas- 
sage and outiet for tiie irrigation liquid, which flows from 
tiie end of passage 28P, into tiie space between the shell 
86 and the body 90. between the nose 102 of the tip 

35 sleeve 1 04 and ttie tip body 40. and out of tiie end of the 
sleeve 104. Thus the irrigation liquid leaves the hand- 
piece at the operating site. If desired, the sleeve 1 04 can 
have one or more openings on Its periphery tiirough 
which tiie liquid can escape. 

40 The body 90 performs an important function, in that 
it isolates tiie irrigation liquid from contact with the outer 
end 72 of transition body. If there were such contact tiiere 
would be a cavitation effect in tiie imgation fluid because 
of the vibration of tiie end portion 72. This would dissi- 

45 pate power and thereby reduce the amount of power 
present at tiie tip end 41. By providing tiie body 90, the 
power stroke at ttie tip end 41 increases, without any 
change in tiie other structure of the handpiece, such as 
the lamination stack 20 on coil 16. 

so Tube 26 applies suction to tiie tip 40 at its end 41 . 
Thisdraws tiie material to be emulsified into the enlarged 
hollow end, which is essentially a cavity 44. The cavity 
inner wall radiates ultrasonic energy within the cavity, 
particularly from the internal corners 41a. Thus, the 

55 material witiiin the cavity 44 at tiie tip end Is emulsified. 
The outer rim of the tip end also radiates some energy 
outwardly but the amount is minor compared to that 
which is radiated witiiin the cavity. Thus, most of tiie 
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emulsification occurs within, rather than outside of, the 
tip. 

The emulsrfied material is conveyed t^adc through 
the suction passage 46 and the total length of the pas- 
sage 26-P and the tube 26 and outwardly of the hand- 
piece to a collection chamber (not shown) which is 
remote from the instrument. 

The end of the handpiece housing 12 closest to the 
tip 40 has a shoulder 109 beyond the adjacent end of 
housing cover 18. The shoulder is threaded at 1 10 and 
an end housing cover 1 1 6, which also can be of the same 
material as housing 12, is connected thereto. The hous- 
ing end cover 1 16 extends for part of the length of the 
transition member about half way along the length of the 
reduced diameter portion 72. The other end of cover 1 1 6 
has a tapered end 1 1 7 which contacts the shell 86, per- 
mitting the person using the handpiece to hold it by the 
cover 116 and shell 86. 

The tip sleeve 104 is made of a relatively-hard plas- 
tics material, such as that sold under the trade mark 
POLYSUFONE. This has an advantage in that itdoes not 
absorb ultrasonic energy. In some cases it is preferred 
that a softer plastics be used. Figures 5 and 5A showing 
another embodiment of the sleeve 204 for securing the 
tip. Here the sleeve material 204 is of a softer plastics, 
such as silicone rubber. It has several multistart internal 
helicoidal ribs 205 which run along its length. The inner 
ends of the ribs 205 engage the outer surface of the tip 
40 but leave a space along which the irrigant liquid can 
flow. Since the entire inner surface of the sleeve 204 is 
not in contact with the tip and since the ribs 205 stiffen 
the sleeve along its length, the amount of energy that the 
sleeve absorbs is reduced compared with the sleeve 
104. 

The present invention provides an ultrasonic hand- 
piece of which the output power is increased without 
increase in size. The handpiece of the present invention 
can produce the same power as a handpiece of larger 
size which does not split the lamination stack to accept 
the fluid tubes and/or which does not use the an elasto- 
meric body to prevent cavitation. Further, better control 
of the emulsification and tissue removal is obtained by 
the shape of the tip end. 

White the preferred emtxxiiment of the invention has 
been described with respect to using a magnetostrlctive 
transducer, it will also operate with other types of trans- 
ducer, such as piezoelectric. 

Claims 

1. A handpiece for directing ultrasonic energy at an 
object, comprising: 

a transducer (16,20) for converting electrical 
energy into vibrations at an ultrasonic frequency; 

a transition body (60) for transmitting the 
vibrational energy to a detachable tip member (40), 
the body having in it at least one passage (28P) for 
conveying an irrigation liquid to the tip member; 

and characterised by 



a sleeve (90) of elastomeric material embrac- 
ing the tip end (72) of the transition body (60). and 

an external shell (86) spaced outwardly of the 
sleevetodefinetherebetween a passage (91) in fluid 
5 communication with the irrigation passage (28P). 

2. A handpiece as claimed in Claim 1 . in which the tip 
member (40) is hollow, having its interior in fluid 
communication with one of the conduits (26) in the 

10 housing through a passage (26P) in the transition 
body (60). 

3. A handpiece as claimed in Claim 2, in which the tran- 
sition body has part (72) of its length embraced by 

15 a sleeve (90) of elastomeric material, in which the 
transition body supports a shell (86) encircling the 
sleeve and forming with it a fluid-flow passage in 
communication with a conduit (28) in the housing 
through a passage (28P) in the transition body, 

20 whereby for part of its length the transition body is 
mechanically insulated from the said fluid-flow pas- 
sage. 

4. A handpiece as claimed in Claim 1 or 3, in which one 
25 end of the sleeve (90) extends beyond the respective 

end of the transition body (60) and is adapted to be 
in fluid-tight contact with an outer surface of the tip 
member (40) when in position on the handpiece. 

30 5. A handpiece as claimed in any preceding claim, in 
which the other end of the transition body (60) is 
detachably connected to a housing ( 1 2) for the trans- 
ducer, the housing including at least one conduit 
(26.28) for liquid, the or each conduit being secured 

35 at one end to a support (67) able to be clamped to 
one end of the transition body, with the interior of the 
or each conduit in fluid communication with a 
respective passage (28P,26P) in the transition body. 

40 Patentanspruche 

1 . HandstQck zum Richten von Ultraschallenergie auf 
ein Objekt. das umfeiBt: 

einen Wandler (16, 20), der elektrische Energie in 
45 Schwingungen mit Ultraschallfrequenz umwandelt; 
einen Ubergangskdrper (60), der die Schwingungs- 
energie auf ein abnehmbares Spitzenelement (40) 
ubertrdgt, wobei der KOrper wenigstens einen 
DurchlaB (28P) darin zum Transport einer Sputflus- 
50 sigkeit zu dem Spitzenelement aufweist; 
und gekennzelchnet durch 
eine Hulse (90) aus Elastomermaterial. die das Spit- 
zenende (72) des ObergangskOrpers (60) 
umschlieOt, und 
55 eineauBere Ummantelung (86), die nach auBen von 
der Hulse beabstandet ist, so daB zwischen ihnen 
ein DurchlaB (91) gebildet wird. der mit dem SpQI- 
durchlaB (28P) in Ruidverbindung steht. 
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2. HandstQck nach Anspruch 1 , wobei das Spltzenele- 
ment (40) hohl ist und sein Inneres uber einen 
DurchlaS (26P) in dem ObergangskOrper (60) mit 
einer der Leitungen (26) in dem Gehfluse in Fluid- 
verbindung steht. 

3. Handstuck nach Anspruch 2, wobei ein Teil (72) der 
Lftnge des lllbergangskOrpers von einer HQIse (90) 
aus Elastomermaterial umschlossen ist, wobei der 
Ubergangskfirper eine Ummantelung (86) trdgt. die 
die Hulse einschlie3t und mit ihr einen Fluidstrom- 
durchlaB bildet, der uber einen DurchlaB (28P) in 
dem ObergangskOrper m'rt einer Leitung (28) in dem 
Gehause in Verbindung steht wobei ein Teil der 
ludnge des ObergangskOrpers gegenuber dem 
FluidstromdurchlaB mechanisch isoliert ist. 

4. HandstQck nach Anspruch 1 oder 3, wobei sich ein 
Ende der Hulse (90) uber das entsprechende Ende 
des Ubergangskdrpers (60) hinaus erstreckt und mit 
einer AuBenfldche des Spitzenelementes (40) in 
f luiddichtem Kontakt ist, wenn es sich an dem Hand- 
stQck in Position befindet. 

5. Handstuck nach einem der vorangehenden Anspru- 
che, wobei das andere Ende des UbergangskOrpers 
(60) lOsbar mit einem Gehduse (1 2) f Or den Wandler 
verbunden ist, wobei das Gehduse wenigstens eine 
Leitung (26, 28) fur Flussigkeit enthdit. wobei die 
Oder jede Leitung an einem Ende an einer Halterung 
(57) befestigt ist, die an einem Ende des Ubergangs- 
kOrpers angeklemmt werden kann, wobei das 
Innere der oder jeder Leitung mit einem entspre- 
chenden DurchlaB (28P, 26P) in dem Obergangs- 
kOrper in Ruidverbindung steht. 

Revendications 

1 . Pi§ce k main destin^e k canaliser de I'^nergie ultra- 
sonore vers un objet, comprenant : 

un transducteur (16. 20) destine k convertir 
de l*6nergie 6lectrique en vibrations k une frequence 
ultrasonore, 

un corps interm^diaire (60) destin6 k trans- 
mettre r^nergie vibratoire k un 6l6ment de pointe 
amovitsle (40), le corps comportant en lui-m§me au 
moins un passage (28P) destine k acheminer un 
liquide d'irrigation vers r6l6mentde pointe, 

et caract6ris6e par 

un manchon (90) de mat^riau 6lastom6re 
renfermant Textr^mitd de pointe (72) du corps inter- 
m^ialre (60), et 

une enveloppe externe (86) espac^e de 
Text^rieur du manchon pour d6f inir entre ceux-ci un 
passage (91) en communication fluidique avec le 
passage d'irigation (28P). 

2. Pi^ce k main selon la revendication 1 , dans laquelle 
r6l6ment de pointe (40) est aeux, son int^rieur 6tant 



en communication fluidique avec I'un des conduits 
(26) du boTtier par I'interm^diaire d'un passage 
(26P) m6nag6 dans le corps Interm6diaire (60). 

5 3. Pi^ce k main selon la revendication 2, dans laquelle 
le corps interm^iaire comporte une partie (72) de 
sa longueur enferm6e par un manchon (90) de 
mat^riau 6lastomdre, dans laquelle le corps inter- 
m^iaire supporte une enveloppe (86) entourant le 

10 manchon et formant avec celui-ci un passage 
d'^oulement de fluide en communication avec un 
conduit (28) du boTtier par Unterm^iaire d'un pas- 
sage (28P) m6nag6 dans le corps interm6diaire, 
d'ou il r^sulte que sur une partie de sa longueur, le 

15 corps interm^iaire est isol^ m^aniquement dudit 
passage d*6ooulement de fluide. 

4. Plkce k main selon la revendication 1 ou la revendi- 
cation 3. dans laquelle une extr^mrt^ du manchon 

20 (90) s'^tend au-deld de I'extr^mit^ respective du 
corps interm^diaire (60) et est congue pour venir en 
contact ^tanche aux f luides avec une surface ext§- 
rieure de r6l6ment de pointe (40) lorsqull est en 
position dans la pi^ k main. 

25 

5. Pi^ce k main selon Tune quelconque des revendica- 
tions prte6dentes. dans laquelle I'autre extr^mit^du 
corps interm^iaire (60) est relive de f agon amovible 
k un boTtier (12) destine au transducteur, le boTtier 

30 comprenant au moins un conduit (26, 28) pour un 
liquide, le conduit ou chaque conduit 6tant f ix6 k une 
extr6mit6 sur un support (67) qui peut §tre serr^ cen- 
tre une extr6mit6 du corps interm^ialre, I'int^rieur 
du conduit ou de chaque conduit 6tant en commu- 

35 nication fluidique avec un passage respectif (28P, 
26P) m^nag^ dans le corps intermddiaire. 
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